The Na-O anticorrelation seen in almost all globular clusters ever studied using highresolution spectroscopy is now generally explained by the primordial pollution from the first generation of the intermediate-mass asymptotic giant branch stars to the proto-stellar clouds of the second generation of stars. However, the primordial pollution scenario may not tell the whole story for the observed Na-O anticorrelations in globular clusters. Using the recent data by Carretta and his collaborators, the different shapes of the Na-O anticorrelations for red giant branch stars brighter than and fainter than the red giant branch bump can be clearly seen. If the elemental abundance measurements by Carretta and his collaborators are not greatly in error, this variation in the Na-O anticorrelation against luminosity indicates an internal deep mixing episode during the ascent of the low-mass red giant branch in globular clusters. Our result implies that the multiple stellar population division scheme solely based on [O/Fe] and [Na/Fe] ratios of a globular cluster, which is becoming popular, is not reliable for stars brighter than the red giant branch bump. Our result also suggests that sodium supplied by the deep mixing may alleviate the sodium under-production problem within the primordial asymptotic giant branch pollution scenario.
INTRODUCTION
Variations in lighter elements, including oxygen and sodium, in globular cluster (GC) red giant branch (RGB) stars have been known for more than three decades, pioneered by Cohen (1978) and extensively studied by Lick-Texas group (see for example, Sneden et al. 1997) . It is very clear that anticorrelations between oxygen and sodium abundances persist in almost all GCs ever studied using high-resolution spectroscopy (Carretta et al. 2009 ).
The physical processes involved in the Na-O anticorrelation appear to be certain; oxygen is depleted by the CNO cycle while sodium is enriched from the 22 Ne(p, γ) 23 Na reaction in the hydrogen-burning shells of evolved stars. The key issue has been the origin of this Na-O anticorrelation and two viable scenarios has been debated; the evolutionary and the primordial scenarios (see Kraft 1994) .
The evolutionary scenario is that a non canonical deep mixing in low-mass stars during their ascent of RGB phase can supply freshly synthesized nuclides to their photospheres (Langer et al. 1993) . The annoying trouble with the deep ⋆ E-mail:jaewoolee@sejong.ac.kr mixing scenario is that Na-O anticorrelations does not appear to exist in field halo stars with comparable metallicities to GCs.
The primordial scenario requires at least two generations of star formation history in GCs. Chemical pollution from the first generation intermediate-mass asymptotic giant branch (AGB) stars (Ventura et al. 2001) or the fast rotating massive stars (Decressin et al. 2007 ) to the proto-stellar clouds of the second generation of stars can produce the observed anticorrelations. Although both the evolutionary and the primordial scenarios are required to fully explain the detailed elemental abundance variations seen in GC stars, consensus is in favor of the AGB pollution scenario due to the presence of the Na-O anticorrelation in main sequence and subgiant branch stars in GCs , where the deep mixing can not be developed. However, it should be noted that the AGB pollution scenario also has a drawback that the amount of sodium synthesized in AGB stars is not enough to explain the observed Na-O anticorrelations, partly due to the uncertain cross-section of the 23 Na(p, α) 23 Ne reaction rate, which can destruct sodium in the later stage of AGB stars . To explain the observed Na-O Recently, Carretta and his collaborators (Carretta et al. 2006 (Carretta et al. , 2007a (Carretta et al. ,b, 2009 Gratton et al. 2007 ) provided a spectroscopic study for an unprecedented sample of RGB stars in 19 GCs, collected in a homogeneous way. Their work confirmed that the Na-O anticorrelations exist in all 19 GCs. Furthermore, they devised a scheme to distinguish multiple stellar populations by using [O/Fe] and [Na/Fe] ratios on the assumption that the primordial AGB pollution is entirely responsible for the observed Na-O anticorrelations in GCs.
In this Letter, using data provided by Carretta and his collaborators, we show that different Na-O anticorrelations in GCs can be clearly seen for RGB stars brighter than and fainter than the RGB bump. It is believed that this variation in the Na-O anticorrelations against luminosity is a strong evidence of the deep mixing episode during their ascent of RGB phase of low-mass stars, if the elemental abundance measurements by Carretta and his collaborators are not greatly in error. Therefore, the primordial AGB pollution scenario may not tell the whole story for the observed Na-O anticorrelation in GCs and the evolutionary deep mixing scenario should be resurrected. gesting a missing source of opacities in stellar atmosphere models. The situation would be even worse for fainter stars, such as those in GCs. The recent studies by Carretta and his collaborators (Carretta et al. 2006 (Carretta et al. , 2007a (Carretta et al. ,b, 2009 Gratton et al. 2007) provide [O/Fe] and [Na/Fe] ratios of RGB stars in 19 GCs, collected and analyzed in a homogeneous way. Their oxygen abundances were based on the forbidden lines of neutral oxygen at 6300.3 and 6363.8Å, which are very sensitive to adopted surface gravity, and their [O/Fe] ratios were derived from Fe I, which is not very sensitive to surface gravity. It is important to note that the [O/Fe] ratio based on Fe II, which is also very sensitive to surface gravity, is more appropriate than that based on Fe I is (Ivans et al. 2001; Lee et al. 2005) .
We examined the iron abundances of Carretta et al. (2009, and 1 . The figure clearly shows that the iron abundance derived from Fe II lines has a substantial slope against K mag, where K mag of RGB stars in a GC is related to the effective temperature and surface gravity (i.e. a bright RGB star has lower effective temperature and lower surface gravity; see for example Lee et al. 2004) . In Table 1 (Carretta et al. 2007a (Carretta et al. , 2009 [Na/Fe] ratios between the bRGB and the fRGB groups persist for most GCs, in particular for those with sufficient number of stars in each subgroup (n 10). The differences in [O/Fe] and [Na/Fe] between the bRGB and the fRGB groups for above mentioned 8 GCs are at 2.71σ and 1.92σ, respectively, suggesting that Na-O anticorrelations between the bRGB and the fRGB are different. In addition to differences in [O/Fe] and [Na/Fe] , the scatters in the bRGB group are slightly larger than those in the fRGB group, which makes sense if the internal deep mixing is partly responsible for the Na-O anticorrelation in the bRGB group. If the measurement errors were responsible for these scatters, an opposite would be expected.
In Figure 3 , we show plots of [O/Fe] versus [Na/Fe] for 2 Although K bump values, the K mag at the RGB bump, are not known for many GCs, we prefer to use K bandpass since some of GCs studied by Carretta et al. (2009) are reported to have differential reddening and K bandpass is less vulnerable to differential reddening effect. We calculated the K bump values for individual GCs using the relation given by Cho & Lee (2002) . As shown in Table 2 , our K bump values are in good agreement with those of Cho & Lee (2002) . We calculated the K magnitude differences for 6 GCs in common and we obtained the magnitude difference of ∆K bump = 0.00 ± 0.11 mag. the bRGB and the fRGB groups in 19 GCs and in above mentioned 8 GCs. It is very clear that the bRGB and the fRGB groups have different shapes of the Na-O anticorrelation. We emphasize that the number of the E component with small [O/Fe] and large [Na/Fe] ratios (Carretta et al. 2009 ) in the fRGB group is smaller than that in the bRGB group. If the Na-O anticorrelation observed in GCs are entirely due to the previous generation of more massive stars, the same number densities between the bRGB and the fRGB for the second generation of stars (for example, the E component) would be expected.
Cumulative distributions of [O/Fe] and [Na/Fe] for the bRGB and the fRGB groups for all 19 GCs and above mentioned 8 GCs also show that they are really different as shown in Figure 4 . We performed non-parametric Kolmogorov-Smirnov (K-S) tests to see if the [O/Fe] and the [Na/Fe] distributions of the two groups are drawn from the same parent population. Our calculations show that the probability of being drawn from identical stellar populations is 0.00% for both [O/Fe] and [Na/Fe], strongly suggesting that they have different parent populations. Perhaps, may difficulties involved in oxygen measurements for fRGB group be responsible for the lack of the E component with depleted oxygen abundances? Since the E component has large [Na/Fe] ratios, the uncertainties in Na line measurements would be smaller. Also note that [Na/Fe] ratio based on Fe I is much less sensitive to surface gravity than [O/Fe] ratio based on Fe I is. Therefore potential systematic errors in surface gravity do not affect the differential [Na/Fe] distributions. We show cumulative [Na/Fe] distributions for all available stars in the bRGB and the fRGB groups in Figure 4-(c & f) and, again, they have very different distributions, strongly suggesting that the internal deep mixing occurred in bRGB stars is responsible for different Na-O anticorrelations seen in the bRGB and the fRGB groups.
SUMMARY
We have shown that there exist variations in the Na-O anticorrelation against the luminosity of RGB stars in GCs. These variations can not be explained by chemical pollution from the first generation intermediate-mass AGB stars in GCs and are most probably due to the internal deep mixing during the ascent of RGB phase, unless oxygen and sodium abundance measurements by Carretta et al. (2009) are not greatly in error.
If the internal deep mixing can supply freshly synthesized sodium, via the 22 Ne(p, γ) 23 Na reaction, to the photospheres of low-mass RGB stars in these GCs, the trouble with the intermediate-mass AGB pollution scenario, which requires more sodium production rate, can be alleviated. However, the absence of the Na-O anticorrelation in the field halo stars is still an open question.
Although, ejecta from the first generation of the intermediate-mass AGB stars can significantly change primordial oxygen and sodium abundances of the second generation of stars in GCs, the multiple stellar population division scheme devised by Carretta et al. (2009) observed Na-O anticorrelations in GCs. An alternative approach by using additional photometric information, such as the hk index which is known to be not affected by the variations in lighter elemental abundances, is more appropriate to distinguish the multiple stellar populations in GCs, as Lee et al. (2009) have discussed in detail.
